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[57] ABSTRACT

An intermittent motion flying spot telecine capable of
operating In real time provides an adequate film pull
down time to allow the use of pin-registration by in-
cluding a digital scan corrector (18) and a picture store
and sequential-to-interlace converter (19) and by adjust-
ing the CRT scanning circuitry (24). Three measures
are employed: (1) the film is scanned with a sequential
scanning raster and subsequent sequential-to-interlace
conversion 1s performed, so as to combine two field
blanking intervals into one longer one, (II) data is writ-
ten into the picture store at a faster rate than required
for the output and read out at a conventional rate, and
(I1I) a triangular line scanning waveform is employed to
aliow line flyback time to be removed and the instanta-
neous line rate increased.

10 Claims, 2 Drawing Sheets
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INTERMITTENT MOTION FLYING SPOT
TELECINE

BACKGROUND OF THE INVENTION

This invention relates to telecines, that is, apparatus
designed to provide a video or television signal from
cinematographic film.

The earliest telecines were based on the conventional
cinematographic projector and had a pull-down mecha-
nism to pull down the film by one frame whereupon the
frame was scanned to produce a video signal. However,
the output signal has to conform with video scanning
standards and this meant that the film movement be-
tween scans should be accomplished during the video
field blanking interval of typically 1.6 milliseconds.
While some such fast pull-down intermittent motion
telecines have been produced, in fact this short time
period is not sufficient to allow the mechanism to move
the film with the desired accuracy.

This problem is overcome in the continuous motion
flying-spot telecine which images a cathode ray tube
raster onto the film while the film moves steadily past it.
Thus part of the vertical scanning action is produced by
the motion of the film, and the height of the cathode ray
tube raster is reduced. Typically at normal operating
- speed the raster height may be only about 10% of 1ts
normal stationary height. This has several deleterious
effects. The image of the phosphor grain particles on
the tube face is stretched in the vertical plane, and a
similar effect occurs with dust particles in certain parts
of the optical system, making the defects they cause
more visible. The different raster heights can cause burn
patches on the cathode ray tube face which require
compensation if the appearance of light and dark bands
across the picture is to be avoided. Indeed at certain
combinations of film speed and desired scan rate the
raster height becomes zero on the tube face, resulting in
a worsening of these problems. Dust and phosphor
particles appear as vertical lines the full picture height,
severe damage is caused to the cathode ray tube phos-
phor and changes in the light output and colour of the
cathode ray tube phosphor can result.

A further difficulty with continuous motion film
scanning is the very small steadiness errors caused by
scanning the film when it is in motion; these errors
become very significant in video editing techmiques
where it is required to overlay the telecine video with
video from another source. It is known that intermittent
motion projectors using register pins to locate the film
and hold it steady during scanning are capable of pro-
ducing much improved picture steadiness. However,
this is conditional on the speed being reduced so as to
allow sufficient film pull-down time.

SUMMARY OF THE INVENTION

We have appreciated that a return to the intermittent
motion flying spot telecine could overcome these prob-
lems, but intermittent motion telecines were quite
rightly less favoured because of their more fundamental
inherent problems.

This invention provides various features which can
be used, preferably in combination, to enable an inter-
mittent motion flying spot telecine to be constructed
which will operate in real time without introducing the
defects of the continuous motion telecine noted above,
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and without suffering from the basic defect of the
known intermittent motion machines.

The invention provides ways of generating extra time
between frames in which the film can be pulled down to
the next frame. Existing commerically-available film
projector systems are typified by the Nielson-Hordell
26-00 which is capable of accurate pull down and film
registration within 13.9 milliseconds.

A telecine embodying the invention will be described
by way of example. This telecine is an intermittent mo-
tion flying spot telecine capable of operating at conven-
tional video rates and producing a normally scanned
625/50 or 525/60 interlaced video signal. It employs
three significant features.

I. The first feature is that the film is scanned using a
sequential line scan which is then converted to a stan-
dard interlaced video signal by a sequential-to-inter-
laced standards converter employing a digital picture
store. In this way the two field blanking intervals are
combined into one longer frame blanking interval. Se-
quential scanning is itself known in continuous motion
flying spot telecines to avoid having two scan patterns
on the screen as is the case with a “jump scan’ machine,
thus avoiding the concomitant registration problems.

II. A store, preferably the digital picture store just
mentioned, receives the video data at a faster data rate
than that consistent with normal scanning to reduce the
time taken to write a frame to the store and thus
lengthen the vertical blanking interval. It 1s known to
lengthen the vertical blanking interval in this way with
a continuous motion telecine to permit operation at
higher film speeds.

I11. The cathode ray tube does not employ a conven-
tional sawtooth line scanning waveform with a fast
flyback between lines, but instead uses a triangular or
boustrophedral line scanning waveform. In this the
raster scans from left to right and then on the next line
from right to left. This scanning system avoids the need
for a horizontal flyback interval which means the line
rate can be effectively increased which further length-
ens the vertical blanking interval. In order to restore the
signal to its usual form it is then applied to a digital scan
corrector which reverses the direction of alternate lines.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the invention will now
be described with reference to the drawings, 1n which:

FIG. 1 is a block circuit diagram of the main compo-
nents of a real time intermittent motion flying spot tele-
cine;

FIG. 2 shows diagrammatically the scan waveform
on the tube face: and |

FIG. 3 is a block circuit diagram of the scan corrector
of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the system of FIG. 1 a flying spot cathode ray tube
10 having scanning coils is placed adjacent a projector
mechanism 12 including an objective lens 11 which
accurately images light from the tube 10 onto the film
13. The scanning coils are driven by scanning circuitry
24. The film 1s intermittently pulled down in its own
plane by an intermittent film motion system 25 includ-
ing pins 26 engaging with the sprocket holes of the film.
Light from the tube and transmitted by the film is col-
lected by a condensing lens 14 and separated into its
three colour components by a colour splitter assembly
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15. Photomultiplier tubes 16 receive the individual col-
our components and provide video signals in response
thereto.

The scan on the tube face is as shown very diagram-
matically at 30 in FIG. 2. The scan alternates in direc-
tion on each line, in a manner described in British Patent
Specification GB 2,137,844A. The scan is a sequential
rather than an interlaced scan.

In a conventional telecine CRT scanner, the natural
slope of the lines in a raster scan display is compensated
by a similar natural slope in the lines of the telecine
scanning raster. In this case the slope in the display
raster can be compensated by the addition of an appro-
priate small amount of the triangular line scan to the
vertical scan waveform of the telecine CRT. The verti-
cal scan waveform is otherwise generated from a digital
counter and so would maintain a constant vertical posi-
tion across each line. The additional waveform pro-
duces a slop which matches that of the lines in the dis-
play raster.

The video signals from photomultipliers 16 are in
analogue form and are converted to digital form and
then subjected to conventional processing in a proces-
sor 17. The output of processor 17 is applied to a digital
scan corrector 18 which reverses the direction of scan
of alternate lines so as to restore the alternating scan to
its usual form. The digital scan corrector can take the
form shown in FIG. 3. A pair of ganged switches 20 are
toggled at the end of each line such that signals from
odd lines are routed through a first in first out (FIFO)
one-line store 21, and signals from even lines are routed
through a last in first out (LIFO) one-line store 22.
Samples in the odd lines are thereby left in the same
sequence but delayed by one line, whilst samples in the
even lines are reversed in sequence and delayed by one
line. For this to work. It is important that the line scan
on the CRT is strictly linear.

‘The output of the scan corrector 18 is then applied to
a digital picture store 19 which may comprise a Rank
Cintel Digiscan for example. The picture store 19 con-
verts the scanning standard in two respects. Firstly,
data is written at a data rate which is higher than the
rate, dictated by the conventional video standards, at
which it is read from the store. Secondly, the picture
store performs a sequential-to-interlace conversion. In a
modification, the picture store could also perform the
function of the scan corrector 18.

Assuming 720 samples per line, data is written to the
store 19 at 18.3776 Megasamples per second, and is read
from the store at 13.5 Megasamples per second, in the
standard interlaced video format according to specifica-
tions SM.P.T.E. RP125 and C.C.I.LR. Rec. 656. The
time taken to write an active line is 39.178 microsec-
onds, which allowing about 1.6 microseconds for line
clamping pulses gives a total line duration of 40.8 micro-
seconds. The write time for a frame using the 525 line
system 1s 40.8 X476=19.42 milliseconds. When operat-
ing at a film speed of 30 F.P.S. (frames per second), the
picture period is 33.33 milliseconds which means that a
pull down time of 13.9 milliseconds is achieved. The
write time for a frame using the 625 line system is
40.8 XX 576=23.5 milliseconds. When operating at a film
speed of 25 F.P.S,, the picture period is 40 milliseconds
which means that a pull down time of 16.5 milliseconds
is provided.

The maximum film speed for the 525 line system in
this example is therefore 1000/(13.9419.42)=30 frames
per second, and for the 625 line system is

10

15

20

25

30

35

45

50

535

65

4

1000/(13.9423.5)=26.7 frames per second, assuming a
pull down time of 13.9 milliseconds actually to be re-
quired.

The scanning circuitry 24 is modified so as to provide
the desired scan type and scanning rates. It needs to

provide for a sequential scan format, an increased line
scan rate, and a triangular line scan waveform.

To achieve all this pull down time in one place, at the
end of each picture, the line rate is increased to an in-
stantaneous value corresponding to a line length of 40.8
microseconds, namely 24500 lines per second instead of
the usual rate of 15750 or 15625 lines per second. This is
achieved in part by removing the line flyback time by
the triangular scanning technique, and in part by In-
creasing the speed of the scan across the tube face. The
pull-down time is further consolidated at the end of
each picture rather than each filed by using sequential
scanning at the tube and subsequently converting to
interlaced scanning.

By providing this generous pull-down time of 13.9
milliseconds a pull down mechanism using pins to accu-
rately engage in the film sprocket holes can successfully
be employed.

I clamn:

1. An intermittent-motion flying spot telecine capable
of operating in real time to scan cinematographic film to
provide a video output signal at a video rate, the tele-
cine comprising:

a cathode ray tube having scanning means for pro-
ducing a flying spot to scan the cinematographic
film; |

an optical system for imaging the spot onto the film to
scan film frames of the film;

an intermittent film motion system for pulling the film
through a film plane during times between scans of
film frames:;

light detector means for receiving the light passed by
the film and producing an electrical signal response
thereto at an output; and

means comprising a digital picture store coupled to
the output of the light detector means;

the scanning means operating and the signal from the
light detector means being written into the digitial
picture store at a rate which is increased relative to
the video rate, and the digital picture store provid-
ing the output video signal at the video rate,
thereby increasing the times for pulling the film.

2. A telecine according to claim 1, including a se-
quential-to-interlace converter coupled to the output of
the light detector means, and in which the scanning

‘means operates with a sequential scanning raster.

3. A telecine according to claim 1, in which scanning
means scans with a triangular of boustrophedral scan
and at an instantaneous line rate increased relative to the
line rate of the video output signal and including digital
storage means coupled to the output of the light detect-
ing means for reversing the samples of alternate lines of
the signal and decreasing the line rate to provide the
video output signal. |

4. A telecine according to claim 2, in which the scan-
ning means scans with a triangular or boustrophedral
scan and at an instantaneous line rate increased relative
to line rate of the video output signal and including
digital storage means coupled to the output of the light
detecting means for reversing the samples of alternate
lines of the signal and decreasing the line rate to provide
the video output signal.
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S. Apparatus according to claim 1, including pin
means for engaging the film being scanned to locate an
image frame to be scanned at a predetermined position
relative to the scan.

6. An intermittent-motion flying spot telecine capable
of operating in real time to scan cinematographic film to
provide a video output signal at a video rate, the tele-
cine comprising:

a cathode ray tube having scanning means for pro-

ducing a flying spot to scan the cinematographic
film:

an optical system for imaging the spot onto the film to
scan film frames of the film;

an intermittent film motion system for pulling the film
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through a film plane durmg times between scans of 15

film frames:;

light detector means for receiving the light passed by
“the film and producing an electrical signal respon-
“sive thereto at an output, and

means comprising a sequential-to- interlace converter
coupled to the output of the light detector means:

the scanning means operating with a sequential scan-
ning raster to enable increased times for pulling the
film.

7. A telecine according to claim 6 in which the scan-
ning means scans with a triangular or boustrophedral
scan and at an instantaneous line rate increased relative
to the line rate of the video output signal and including
digital storage means coupled to the output of the light
detecting means for reversing the samples of alternate
hines of the signal and decreasing the line rate to provide
the video output signal.

8. Apparatus according to claim 6, including pin
means for engaging the film being scanned to locate an
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image frame to be scanned at a predetermined position
relative to the scan. |

9. An intermittent-motion flying spot telecine capable

of operating in real time to scan cinematographic film to
provide a video output signal at a video rate, the tele-
cine comprising:

a cathode ray tube having scanning means for pro-
ducing a flying spot to scan the cinematographic
film; |

an optical system for imaging the spot onto the film to
scan film frames of the film;

an intermittent film motion system for pulling the film
through a film plane during times between scans of
film frames:;

hight detector means for receiving the light passed by
the film and producing an electrical signal response
thereto at an output; and

digital storage means coupled to the output of the
light detecting means;

the scanning means scanning with a triangular or
boustrophedral scan and at an instantaneous line
rate increased relative to the video rate and the
digital storage means being operative to reverse the
samples of alternative lines of the output signal of
the light detecting means and decrease the line rate
to provide the video output signal at the video line
rate, thereby increasing the times for pulling the
film.

10. Apparatus according to claim 9, including pin

means for engaging the film being scanned to locate an

image frame to be scanned at a predetermined position

relative to the scan.
% x %K * %
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